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MAJIOBIAXOJHI TEXHOJIOT'TI OMPICHEHHS BOIM

Busueno npoyecu peazenmmnoeo, ionoobMminno2o ma Hanoghitempayitinozo onpichenns goou. Hoxazamno, wo ¢ pasi
3aCMOCY8aHNsL peazenmie Ha OCHOBI 2i0pOKCOANIOMIHANY HAMPIIO N0 4ac peazeHnHo20 NOM SKULEeHHS 800U MOJICHA
CYymmeso sMeHuwumy i dcopemyicme. [[boMy cnpuse maxoxc 3acmocy8ants claboKUCIOMHUX KAMIOHI@ Yy KUCHIT
Gopmi Ha neputiti cmaoil kamionwyeanns. L[i kamioHimu 003680J10Mb MAKONC NIOSUMUINY CMABINILHICHL 800U OO0
YmeopeHHa ocady & bapomembpannux npoyecax. Bupiuteno npobnemy nepepobienns gionpaybosanix exoanis.
Kiouosi cnosa: onpicHenns oou, peazeHmHe nom SKULeHHs 600U, CIAGOKUCTOMHUI KAMIOHImM, HAHOQITbmpayis.
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MocranoBka mpodaemu. Binomo, mo mpoMuCIOBI PerioHr YKpaiHu BiIIyBarOTh OpaK BUCOKOSKICHOT MTUTHOI
BOJIM, MAaJI PIKM BTPA4YArOTh CTATyC JKEPEIN IEHTPATI30BAHOTO 1 HECHTPATII30BAHOTO BOAOIOCTAYAHHS BHACIIIOK
ixHpOTO 320pynHEHHS. Harenep mepcneKTHBHUMH € TaKi HATPSIMH PALiOHATHHOTO BHKOPHUCTAHHS BOJHUX PECYPCIB:
OiIbII TOBHE BUKOPHUCTAHHS 1 PO3MIMPEHE BITHOBICHHS PECYPCiB MPICHUX BO; PO3POOICHH HOBIX TEXHOJIOTIUHAX
TIPOIIECIB, IO JO3BOJLITH MONEPEIUTH 3a0pyIHCHHS BOJOIM; 3aCTOCYBAHHS BUCOKOS()EKTHBHIX METOMIB OUHIINCHHSI
MOBEPXHEBUX 1 CTIYHHUX BOJ.

AxTyamsHOIO € ¥ pobiieMa 3aCONCHHS MOBEPXHEBHX 1 MIA3EMHUX BOJ Y HHU3LI PETiOHIB YKpAiHH B CHITy NPH-
poaHuX (PAKTOPIB Ta AHTPOTMOTCHHOTO BILTHBY. CHTYAWiq YCKIATHIOETHCA THM, IO 3aCTOCYBAHHS CYYACHHX TCXHO-
JOTiH AeMiHepamizanii MPU3BOAUTH IO YTBOPEHHS KOHICHTPATIB Ta €IF0ATIB, A SIKUX HE BHPIIICHO IMPOOJIEMy Ie-
PCPOOICHHS Ta YTHII3AMLL

MeTo10 CTaTTi € OMHC PO3POOICHIX MATOBIIXOTHUX TEXHOJOTIH 3HECOJICHHS BOAM, IO B HiTOMY 3a0e3mevy-
FOTh PAIiOHATGHE BUKOPHCTAHHS BOJHUX PECYPCIB Ta CHPHSIOTH BiTHOBJICHHIO MPUPOTHUX BOJTOHM.

Buxag ocHOBHOTO MaTepiaty. Po3po0icHa MaIoBiIX01HA TCXHOIOTIS 3HCCONCHHS Boad (puc. 1) 0a3yeTscs Ha
PCATCHTHOMY TJTHOOKOMY TIOM SIKIICHHI BOJH, IO 3MCHIIYE Ii 3AHIIKOBY >KOPCTKICTH 10 0,2...0.8 MT-CKB/IM’, Ta
10HOOOMIHHOMY OYHINCHHI BOAH 3 €ICKTPOXIMIYHAM HIEPEPOOICHHAM pereHepaiHuX po3unHis [1-3].

I'mboke oM’ SIKIIEHHS BOIY IMiJ Yac PEArCHTHOTO IOM SIKIICHH 3a0e3Mety €ThCsl 0OpOOICHHAM BOIH BAITHOM,
cozoro Ta pearcuroM tury PHUKC-A B ocBiTmroBadi i3 3aBucimM mapoMm ocany 6. OcsitneHa i BiadiasTpoBaHa Ha
¢ineTpi 7 Boma mMae xopctkicts 0,1...0,5 MT-CKB/IM, HA BiIMIHY BiJ peaJsHIUX BUPOOHHUITB, AC ICH MOKA3HHK CTa-
HOBHTH 2.7...4,3 Mr-exs/mv’. 3anumkoBa ykHiCTs Boau — 1,5...2,0 mr-cke/mv’. Lle 10380 Ha mepmiiit cramii
KATiOHyBaHHA BUKOPHCTOBYBAaTH CIAaOOKHCIOTHHH KaTionit DOWEX MAC-3 y H'-opmi (dimetp /1), 3aBasxu
4OMY JKOPCTKICTH BOIH 3MEHIIYEThCA 10 0,1 MT-eKB/IM’, TOBHICTIO BHIATIOTHCA HOHHM AMOMIHIFO TA 3aJ1i3a, AKIIO
BOHH NPUCYTHI B ITOM SIKIICHIH Boxi. Ha apyri#i craxii KaTiOHYBaHHS 3aCTOCOBYIOTh CHIBHOKHCIOTHHH KATIOHIT
KVY-2-8 vy xucmiit opmi (GpinbTp /4), IO BUIIyHae 3 BOAM 3aTHINKH HOHIB KOPCTKOCTI Ta OJHO3APSAH] KaTiOHH (T1e-
PEBAXHO HOHM HATPIir0). XIIOPHIH # CyIb(aTH BUIYUAIOTh 3 BOJM HA aHIOHOOOMIHHOMY (PinbTpi /7, 3aIIOBHEHOMY
HU3bKOOCHOBHHM aHioHITOM DOWEX Marathon WBA.

KarionooOMiHHI (DITBTPH PETCHEPYIOTh PO3UHHAME CipuaHOi KACTOTH. CIa0OKHCIOTHHH KATIOHIT, HA SKOMY
COpOYIOThCA HOHH >KOPCTKOCTI (OCHOBHA Maca HOHIB KAIIBINFO), PETCHEPYIOTh 2-BICOTKOBHM PO3YHHOM Cip4aHOI
KHCTIOTH, IO TOJA0TH 13 BUTPATHOTO Oaka /0 i 30mparoTs y pesepsyapi /2.

[Ticst 0OpOOCHHS PO3UIHY MATHC3UTOM B PEAKTOP1 27 13 POSUHHY BHIVYAKOTH 0CAT KApOOHATY KAJBIUFO, IO 3HC-
BOJTHFOETHCS HA (DLIBTP-TIpECi 28, a Po3uHH CyIb(aTy MATHIIO MIAFOTE CICKTPOII3Y B TPHKAMCPHOMY CIICKTPOII3epi 29
3 JBOMA aHIOHOOOMIHHUMH MeMOpaHaMu MA-41. Tlpu npoMy B aHOIHIH KaMepi HAKOTIMUY€THCS CIPYaHa KUCIIOTA, SIKY
BHKOPHCTOBYIOTH /U PETCHEPALILl KAaTIOHITY, a B poO0UiH 30H1 BiAOYBA€THCS TiAPOJI3 10HIB MATHIFO.

INgpokcna MarHiro BIZOKPEMIIOIOTH BiJ BOAM YV BIACTIHHUKY 32 1 miCIsI 3HEBOJHEHHS Ha (inbTp-mpeci 33
CIPAMOBYIOTH HA TICPSPOOIICHHA i 3aX0poHCHHA. DimbTpaTH, TaK CAMO 4K 1 3HECOJICHY BOAY 3 CICKTpOisepiB 29 i
30, cnpsAaMOBYIOTE v pesepsyap 23. Tyau >k moAar0Th MPOMHUBHI BOAH 3 MCXAHIYHOTO ()iapTpa 7 1 BOAY 3 i0HOOOMiH-
HuX PinbTpis. OCBITICHY BOJY BUKOPHCTOBYIOTH IIOBTOPHO.

Kucumi perenepanifini pozumau 3 pinsrpa /4 1 myxHi po3unHH 13 (inbTpa /7 30HparoTh BIAMOBITHO B pe3epBya-
pu 151 19, nomatoTh y HeHTpamzaTop /8, a mOTIM — Y TpPUKAMEpHHH enekrpoizep 30. Y KaTtoaHii KaMepi, BiIo-
KpeMIIeHIH Bix pobouoi 30Hm MeMOpaHO0 MK-40, HAKONMHMIY€ETHCS POZUMH JYTY, SKHH IOTIM 3aCTOCOBYIOTH JJIS
perenepanii anioHooOMiHHOTO (inmbTpa /7. B aHOAHII KaMepi, BITOKPEMIICHIH Bi podo4oi 30HH MeMOpanoro MA -
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Jlns 3HE3apaskeHHS BOAW BUKOPUCTOBYIOTH €IEKTpouIizep 30, mo 3a0e3Iety€e YTBOPSHHS TIOXJIOPHUTY HATPIIO 3
PO3UHMHY XJOPHCTOTO HATPir0. PO34MH XJIOpHUIY HATPIFO TOTYIOTH i3 BUKOPHCTAHHIM OYMIICHOI BOJM, IO HE MPOH-
IIJIA CTAAIF0 MiHCpaTi3amii.

Boay 3ue3apaxkyroTh v aBi crazmii. Ha mepmiit craaii 0OpoOismoTs MpUPOIHY BOAY AT 3HC3APAKCHHS BOJH Ta
OKHCJICHHS JO(pLTbHIX KOJIOITHUX moMimok. Ha apyriif cTamii Boay 3HE3apaKyrOTh MEPEA PE3ePBYapoOM OUHINCHOL
BOJH, OO 3aMO0IrTH BTOPHHHOMY 3aPA’KCHHIO IMiJ 4ac TPAHCHOPTYBAHHA. [Ipw miATOTOBLI TEXHIYHOI BOJH BTO-
pHHHE 00POOICHHS TIMOXIOPUTOM HATPIIO € HEOOOB SI3KOBUM.

IMepen HAHOIMBTPALIITHOIO YCTAHOBKOIO / / BOAY JCXIOPYIOTH JO3YBAHHAM CYIb(iTy HaTpiro 20, mod 3amobi-
I'TH JeCTPYKIii MeMOpaH y HAaHO(PIMbTpaLiifHii YCTAHOBII i TI€0 AKTHBHOTO XJIOPY.

Jns noeenennsa pH mepmeary 10 HEHTpaIbHUX 3HAYCHD | KOPUTYBAHHS BMICTY HOHIB >KOPCTKOCTI (U1 TUTHOI
BOJIHM) TIEPMEAT IPOILYCKAOTh Kpi3k i0HOOOMIHHMH (inbTp /2. Ilpu mpomy pH mocsrae 6,5...7,2. YV pasi Bukopuc-
TanHs ioHiTy B Ca” -opMi JKOPCTKICTH OUHIICHOT BOIM CTAHOBHTH 1,5 Mr-eKB/aM° (HCOOXiTHHMIT PiBCHB [T MHTHO
BoaH). YV TOH e CHOCiO, BUKOPHCTOBYIOUHM i0HIT ¥ K'-(hopMi, y Body MOKHA 103yBaTH B PO3PAXOBaHii KiTbKOCTI
OioTeHHHit eIeMEHT, HATIPHKIAT Kamii. J{isa TexXHIYHOI BoaH Kpalle BUKOPHCTOBYBAaTH ioHiT B Na'-(hopmi.

Konnenrpar, pereHeparifiHuii po3unH, MPOMHBHI BOAM, (iIBTPAaT 3HCBOJHEHHS 0Cany Ha (uIbTp-mpeci 29
OYHIYFOTH, OOPOOILIFOYH 1X B OCBITIIFOBAYI 13 3aBHCIMM MIAPOM 0caxy 27 BamHOM (i3 Oakis 23, 24), 2/3 riapokcox-
JOPHIOM aOMIiHIIO (i3 0akiB 25, 26) i rizpoKcoarOMiHATOM HaTpiro (i3 OakiB 3/, 32).

ITpu npOMy HOHM MATHIFO TiIPOMI3YIOTHCS, 2 HOHU KAJIBINIO H Cynb(aTH BHIIAJAIOTH V BHTILIAL CYIb(OTIIPOK-
COAMIOMIHATY KAJIBIIiF0. 3AMHIIKOBA KOPCTKICTh OCBITICHOI BOIM CTAHOBHTH 1...5 Mr-eKB/IM’, BMIiCT Cymb(aTiB —
50...350 Mr/mM’, mo HEKYE, aHDK y MPUPOIHiH BOAi ICAKiBCHKOTO BOAOCXOBHIA, TOMY OCBITICHHI KOHIEHTPAT
MOJAfOTh V TOJIOBY OuMCHUX cnopyA /. Ocax 3 ocBiTMOBa4a 27 i BEPTHKAILHOTO BIACTIHHHMKA 4 CHPSIMOBYIOTbH ¥
(dixpTp-TIpeC AN 3HEBOAHCHHA. PDINbTPAT MOBEPTAIOTH I MOBTOPHOTO BUKOpHCTaHHA. Ocan 13 BosoricTio 50 %
JOLITbHO BUKOPHCTOBYBATH A1 BUPOOHUITBA OyIiBEIFHUX MATEPIaliB Ta SIK B SDKYIy PEUOBHHY. BiH € HETOKCH-
HHUM, TOMY HOTO MO>KHA 3aXOPOHIOBATH 13 MOOYTOBUMH BiIXOTAMH.

Po34mH, MmO BUKOPUCTOBYIOTH I pereHeparii HOHOOOMIHHOTO (inbTpa /2, MOKHA 3aCTOCOBYBATH OaraTopa-
30B0. Y BigmpanpOBaHOMY (DIIBTpaTi TOCTATHHO BIAKOPWUIYBATH BMICT COAM, IOTanly YW BamHa. [IpomMuBHI BOIH
ICIT POMMBAHHSA IHOTO (PLIBTPa CIIPAMOBYIOTH Y pe3epsyap 2/ 1 Aaji — HA MOBTOPHE BUKOPUCTAHHSL.

Po3pobieHa TeXHOIOTLSN 3a0e3meuy€e BHCOKOC(EKTHBHE OUUINCHHS BOJH, 3MCHIIYFOUH 3araJbHUH PIBEHb ii Mi-
Hepamizamii 3 1500 mo 150...200 M/, JKOPCTKICTh — 13 8...10 m0 0,2...1,5 MT-CKB/IM", i3 TIOBHIM BIUTYYEHHAIM
3aBHCIHX 1 KOOI THUX YACTHHOK.

BucnoBku. Po3po0neHo 1Bl KOMIUICKCHI MAIOBIIXOMHI TEXHOJIOTI 3HECOICHH MPUPOJHAX 1 CTIYHHUX BOJ 13
T IBHIOCHOK MiHCPATI3ALIET0, MO TSP I0AUAFOTh MOBHE MCPCPOOICHHSA PIAKAX BIAXOAIB Ta YTHIII3ALIIO OICPKAHUX
TBEPAMX OCAIB.
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Makarenko 1. M.
LOW-WASTE TECHNOLOGY FOR WATER DESALINATION

Processes of reagent, ion-exchange and nanofiltration water desalination have been studied. Using reagents based
on sodium hydroxoaluminate at reagent softening, it is possible to reduce residual hardness to 0.1-0.5 mg-eq/dm’
that allows to significantly decreasing reagents consumption for ion-exchange water demineralization. The applica-
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tion of weak-acid cationite in acid form at the first stage of cation exchange promotes this process. At the reagent
softening with sodium hydroxoaluminate, alkalinity of softened water always exceeds its hardness. The application
of weak-acid cationite in acid form for the treatment of water with superalkalinity promotes to better remove hard-
ness ions. Acidic regeneration of weak-acid cationites in Ca’*-, Mg” -forms requires lower acid consumption, that
help to avoid the formation of large amounts of acidic waste streams, compared to strong-acid cationites. Two-
stage regeneration of weak-acid cationites allows to completely avoiding acidic waste which is impossible for
strong-acid cationites. It largely eases the treatment of such solutions.

The application of weak-acid cationites in acid form at the water pre-treatment stage also gives the possibility of
increase its stability towards sediments formation at baromembrane water clarification. In this case carbonates and
hydrocarbonates are completely removes in form of carbon dioxide. The residual calcium concentration is rather
low to form gypsum sediments on the membranes at baromembrane water desalinilization.

The study takes into consideration up-to-date achievements in electrochemical treatment of waste — eluates after
ion-exchange water demineralization and concentrates after baromembrane desalinization, at the application of
ion-exchange membranes. The developed approaches allows fo process concentrated salt solutions into usefil
products — hydrochloric and sulphuric acids, alkali, sodium hypochlorite and other oxidized chlorine compounds.
Obtained solutions can be used in proposed water treatment technologies and other technological processes of wa-
ter conditioning: at regeneration of cation-exchange filters, water disinfection.

Based on the precipitation of sulphates and hardness ions from concentrates after nanofiltration water treatment,
technical solution of the utilization of such wastes has been developed. They are based on application of high-based
aluminum coagulants together with lime that form low-soluble calcium sulphohydroxoaluminate, calcium carbonate
and magnesium hydroxide. These solids are useable for the production of construction materials. The mineraliza-
tion level of treated water is below 1000 mg/dm>. Combining of sodium hydroxoaluminate and aluminum
hydroxochloride makes possible to regulate pH and mineralization level of the treated water.

The conditions for processing of chloride-and sulphate-containing eluates were defined. The technology involves
the application of three-cell electrolizer, where alkali is concentrated in cathode area and sulphuric and hydrochlo-
ric acid — in anode area. At that chlorides are oxidized to active chlorine that separates from acid solution and is
adsorbed by alkali, forming sodium hypochlorite.

Keywords: water desalinization, reagent water softening, weak-acid cationite, nanofiltration.
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